Abstract-Automatic Pattern Recognition field has witnessed enormous growth in the past few decades.
I. INTRODUCTION
Computer Science has become inevitably a part of everything in the world that we encompass. It has limitless applications in various fields of life. All these fields of life have one common thing being used as a basic item of manipulation i.e. a document. Documents are used as storage, processing, detailing, writing & reading units. These documents were initially manipulated by hand leading to an unwieldy & cumbersome setup. As the role of computer science & computing grew, these documents were started to be manipulated by the use of electronic devices. Still the collection of hardcopy documents used to grow exponentially. These hardcopy documents again challenged the researchers to develop methods such that these documents and their contents could be processed electronically in an automated fashion. This led to the concept of Document Image Analysis. It is the procedure of analyzing a document image with the intention of extracting the contents so that they can be used according to the need of various stakeholders. A majority of these documents contain text in written form. This text needs to be analyzed and processed. This text is technically known as Script. A document may be written in one or more scripts. The script possesses a unique collection of symbols with which it is written. Languages, which are spoken, are written using these scripts. For example, the Roman (commonly known as English) language is written using the Roman script. Similarly, the Urdu & Kashmiri languages are written using modified Arabic script [1] . In addition to the above, identification refers to the action of identifying something or simply to establish the identity of something. To identify means to ascertain the origin, nature, or definitive characteristics. Sometimes it is even referred to associate or affiliate something closely with a class. Therefore, Script Identification refers to the identification of the script(s) a particular document has been written in. This process of script identification is needed to be performed electronically. Script Identification is an important area of research in the field of Pattern Analysis and Recognition (also known as Image Processing). The input to the procedure of script identification is a document image, which refers to the electronic (typically binary) image of a document which contains text written in one or more scripts.
In this paper, we are presenting the script identification of a multilingual-offline document which contains four scripts namely Roman (English), Devanagari, Urdu & more importantly, Kashmiri. Only machine-printed (typeset) scripts are being considered for identification. Extremely little work has been performed for the identification of Kashmiri script [2] . The motivation behind this piece of work is to pioneer the identification [7] . It does not have its own script. It is written using other scripts with some modifications. Formally, the PersoArabic script is used to write Kashmiri language [1] . This paper is a significant step to initiate the identification of Kashmiri script. When written using Perso-Arabic, the Kashmiri script has certain specific features [2] . These features are listed below in Table 1 . Many techniques have been proposed to identify various scripts. In recent advances, the scripts are identified using morphological reconstruction & hole filling [8] , water reservoir techniques [9] , projection profiles [10] , moments & run-length histogram [3] , top & bottom profiles [11] [12], vertical & horizontal profiles [13] , steerable pyramid features [14] , texture features [15] & wavelet energy histogram. Entropy or energy evaluation has been done in a multilingual document image wherein column entropies are considered for the purpose of identification [16] . Structural features using 62 dimensional feature set have been used to perform script identification in printed Indian documents [17] . Local Binary Patterns (LBP) and a modified version of their orientation together with a least square support vector machine has been used for script identification purpose on newspapers and books [18] . PCA based character level script identification has been presented along with relative entropy and Euclidean distance parameters [19] . A 41 dimensional feature set has been prepared and classifiers namely Logistic Model Tree, Sequential Minimal optimization, Random Forest, RBF Network, Multi-layer Perceptron, LibLINEAR, Fuzzy unordered rule induction are applied on them for handwritten script identification [20] . The results of these classifiers are compared to discover the best classifier. Structural features have also been experimented for both handwritten and machine-printed scripts [21] . A fuzzy based approach for word-level script identification in low resolution images has been proposed using horizontal run statistics and wavelet features [22] . A connected component and support vector machine based procedure has been presented to distinguish between handwritten and machine-printed text in a document image for Bangla script [23] . Texture features have also been used to determine the script of document images based on the concept that text has a particular visual appearance and a distinct visual texture [24] .
After the survey of the available literature [25] , it was culminated that the procedure of script identification can have many forms & types. Based on this survey, a classification of script identification is given below:
A. Method of Acquisition:
i. Offline: This type of script identification is performed on a document which is already produced and not being produced. 
B. Method of Writing:
i. Handwritten: This type of script identification is applicable when the script has been written using hand and not any machine [26] . ii. Typeset: Here the script is printed using a machine e.g. a printer. Sometimes also called as machinewritten.
C. Type of Script:
i. Foreign: This script identification involves the identification of scripts which do not belong to a specific country i.e. international scripts. ii. Domestic: Here the scripts being identified are the scripts which belong to a specific country [27] [9].
D. Features used for identification:
i. Local: When the feature used for identification fall within a small area of a document e.g. a word in a paragraph. ii. Global: Here the features of the entire document as a single whole are taken into consideration for performing script identification.
E. Number of Scripts:
i. Unilingual: When a particular document under identification consists of only one script the identification is called as the unilingual script identification [28] . ii. Bilingual: When the document under identification consists of two scripts [2] , the procedure is called as bilingual script identification. iii. Multilingual: When a document under the procedure of identification consists of more than two scripts, the identification becomes complex, and is called multilingual script identification [27] .
F. Technique of Identification:
i. 
III. METHODOLOGY
An image is a two dimensional function f(x,y) where x and y are the spatial or Cartesian coordinates and f is the function representing the intensity values at location (x,y). Therefore, an image is essentially a collection of numerical values representing the intensity. These numerical values can be statistically manipulated to perform certain operations on the image. In order to perform the identification of Kashmiri script along with other related scripts viz. Roman, Urdu, & Devanagari, we propose a simple & statistical solution. Here statistical approach has been used to perform the identification of the four scripts using a concept called -Density‖. This Density is represented as Ø. Since the image is visually composed of small dots called pixels, the Density (Ø) here is the density of an image which is the count of the number of black pixels per unit of size used for calculation. It is a representative of how much dense the text part (written part) in a document is. It indicates the amount of fullness in a particular document and amount of emptiness on the contrary. This density is evaluated to check how much full the image is using the black part (or the written part) of it.
Initially, a document image is obtained from a valid source. This document image becomes the input to the procedure of script identification. This document image is then cropped to remove the unwanted portions (borders) in order to extract the text part only. This image is then divided into small pieces extracting lines from the text using a particular unit (in this case pixel). After dividing the image into constituent components, density of each part is calculated.
An image matrix which is the representative of the component of the image in the computer system becomes the base for the purpose of calculating the density. This image matrix is processed & manipulated. The illustration of this calculation is shown in the discussion section. The problem statement of this piece of work is given below: To identify different scripts in an offline machinewritten document image using statistical analysis.
Four scripts have been taken into consideration: 1. English / Roman, the globally important script 2. Hindi / Devanagari, the national script 3. Urdu, the formal script of Kashmir 4. Kashmiri, the local regional script
The algorithm to calculate the density of the image components is given below: 
IV. FINDINGS/DISCUSSION
We have applied the proposed technique on a variety of printed document images. The script identification has been performed in two stages. The first stage is a training stage where in a set of 400 image components of document images were used for training the algorithm in order to create the knowledge base. After the creation of the knowledge base, the actual phase of script identification was commenced in which 800 image components of document images were used to test the efficacy of the algorithm.
All of these images were scanned from printed documents containing text in normalized form. These document image components considered for the experiment were of size 610 X 25 pixels representing a single line of unique script.
The document is scanned using a simple multipurpose scanner with a 300 dpi criterion. The document image looks like the image given in Fig. 4 . Next, this document image is segmented into components of size 610 X 25 pixels using a segmentation algorithm in order to yield lines of unique scripts. This is shown in Fig. 5 . These individual components are then represented as image matrices as shown in the Fig. 6 . This image matrix is actually the representation of the image in the computer. The image intensities are normally stored in a 2 dimensional data structure in rows and columns. Here, the image matrix is populated with the intensity values of which the image is comprised. This binarized matrix is then inverted to convert 0 to 1 and 1 to 0 so as to indicate black as 1 (presence of content as true) and white as 0 (absence of content as false). Simply said, a complement of the binarized matrix is calculated. This complemented matrix is shown in Fig. 8 and is called the inverted matrix. After the creation of inverted matrix, the Density is calculated as per equation (1). (1) where n is the number of cells in the matrix and x i = {0,1}.
In the Fig. 8 , the Density (Ø) is calculated to 29 and the total cells are 48. These values are converted to the total density peak percentage of (29/48) * 100 = 60.41 %. After evaluating the density, the script is to be classified as per the density factor. In the training stage, the outcome of which is revealed in Table 2 , a set of images was used to train the algorithm. In the training phase, the knowledge base was created and the classification/identification index was made. This is shown below: In the testing stage 200 image components were tested for each script type and the results are listed in Table 3 . The results of the proposed technique are highly significant and yield 97% overall accuracy. V. CONCLUSION Document image analysis is a highly important area of research with direct application and implementation in the practical world with Script identification being an important procedure in it. Script identification has been performed in detail for many scripts. This work is a pioneering step for the identification of Kashmiri script together with its closely related scripts. Till date extremely little work has been reported for the identification of Kashmiri script.
The technique of density calculation has been proposed and experimentally tested for identifying Kashmiri and its related scripts. Density is used as a statistical feature for identification which indicates the fullness (written part) of a document image or the amount of content present. The technique proposed in this paper provides promising results. It is very simple to implement and gives concrete output. Further, it does not require any specialized equipment for identification purposes.
The work presented in this paper can be improved and extended in many ways some of which have been listed as under: 
